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WHAT IS CLAIMED: 



1 . A diether having the fonnula: 






wherein R is an alkyl group. 



A diether according to claim 1 , wherein R is methyl. 



3. A method of synthes 





wherein R is alkyl, 

said method comprising: 

providing a dialcoh 



zing a diether having the formula: 



1 having the formula: 




and / 



-39- 



alkylating the dialcohol with a nitrile having the formula: 



R-C=N 



under conditions effective to fomi the diether. 



^ ^ method according to clainj^ wherein R is methyl. 

^ A method according to claini^, wherein the dialcohol and the 
nitrile, respectively, are present in a mole ratio of from about 1 :20 to about 1 :60. 

. . /f . . 

A method according to zXdivca^, wherein said alkylating is carried 
out at a temperature of from about 30°C to about 70°C. 




- ^/j 7. A method of prepariijg^tuionic aldehyde comprising: 

oxidizing betulmm with chromium anhydride in acetone in the 
presence of sulfiiric acid under c^Maitions effective to produce betulonic aldehyde. 

yO. A method according to claimy , wherein the betulinol and acetone, 
respectively, are present in a weight ratio of from about 1 : 1 00 to about 1:110. 

^ A method according to clairn^ wherein the chromivim anhydride 
and sulfiiric acid, respectively, are present in a molar ratio of from 9: 10 to about 10:9. 



n 



A method accordj;ag to claim 7 further comprising, after said 

oxidizing: 

cooling the reaction mixture; and 
adding^jrater to the reaction mixture, whereby a sediment containing 
betulonic aldehy^^orms. 
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11. 



pentapeptide... 




A method accordipg^ claim 10 further comprising: 
recrystallizinguie sediment. 

A compound having the formula: 




wherein 

X or Y is a -peptide-Q moiety and the other of X and Y is a 
hydroxy group, an alkoxy group, an alkanoyloxy group, or a 
-peptide-Q moiety; 

Q is a hydroxy group, a -NHNHj moiety, 
an -NHNH-C(0)CH2Hal moiety, an -antibody-OH moiety, or an 
-NHNH-C(0)-antibody-OH moiety; and 

Hal is a halogen. 



13. A compoimdaccotding-to-claim 12, wherein -peptide- is a 



Jbu 

-Gly-Ala-Leir-Gly-Leu 



A compound according to clairn/13, wherein the pentapeptide is 



15. A compound according to claim-l-27'wherein -peptide^ 



tetrapeptide. 



-Leu- Ala-Leu- Ala 



—.16. A compound according to claim XS, wherein the tetrapeptide is 
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17. A method of producing a betulinol-antibody/conjugate having the 



formula: 




CH2 -peptide /ant ibody- OH 



wherein 



Y is a hydroxy group, an alkoxy group, or an alkanoyloxy 



group, 



said method comprising: 

providing a bfetulinol peptide having the formula: 




CH2 -peptide -OH 



and 

converting the betulinol peptide with an antibody having the 
formula H-antij^ody-OH imder conditions effective to produce the betulinol-antibody 
conjugate. 

A method according to clairn^, wherein 
-peptide- is a pentapeptide. 



19. A method according to claim ]/8, wherein the pentapeptide is 
-Gly-Ala-Eeu-Gly-Leu-. 



-Ala-Eei 




-42- 

^,20. A method according to claim y7, wherein 
-peptide- is a tetrapeptide. 

y 21. A method according to claim wherein the tetrapeptide is 

-Leu- Ala-Leu- Ala- . 

22. A method according to c|^im 17, wherein said providing the 
betulinol peptide comprises: 

providing a compound having the formula: 




and 

converting the cpmpoimd with a peptide having the formula 
H-peptide-OH under conditions effective to produce the betulinol peptide. 



formula: 



23. A method of producing a betulinol-antibody conjugate having the 



CH2/peptide-NHNH-C (O) -antibody-OH 



Y is a hydroxy group, an alkoxy group, or an alkanoyloxy 



<4M 
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said method comprising: 

providing a haloacetylhydrazide having/die formula: 




CH2-pepti;de-NHNH-C (O) -CH2Hal 




Hal is a halogen 



converting the haloacetylhydrazide with an antibody having the 
formula H-antibody-OH under conditions effective to produce the betulinol-antibody 



3njugate. 



3^ 



a9 



^p4r A method according to claim^^^?^ wherein Hal is I. 



25 .^^^^Ajnethod according to claim 23, wherein 
^^*^/^peptide^-4sj^ntapeptide. 

^^^^ ^ 26. A method according to claim^^, wherein the pentapeptide is 
-Gly-Ala-Leu-Gly-I^-. 



27. A method according-to'claim 23, wherein 



0 



.vVspeptide- is a tetrapeptide. 



''^^^^28. A method according to claim 27/wherein the tetrapeptide is 
-Leu- Ala-Leu- Ala- . 
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at least one A is a moiety having the formula 



CH2 -peptide -NHN=CM- 



and 

converting the betulinol-bound carrier i^olecule with the antibody 
under conditions effective to produce the betulinol-antibody conjugate. 

36. A betulinol-antibody conjugate havingAhe formula: 




wherein 



an 





HO-antibody-spacer-(A)„ 



A is a moiety having the formula: 



CH/-peptide-NHNH- 



Y is a hydroxy/group, an alkoxy group, or an alkanoyloxy 
group; and 

n is an integer from 1 to 100. 



^ . 

3C A betulinol-antibody conjugate according to claim^^^iSf wherein 
-spacer-(A)„ has the formula: 



[C(0)NHCH2CH2CH2CH2-C-NHC(0)0- ( CH2CH2O) g ] b - 



c=o 
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wherein 



a is an integer from 1 to 1 00 and 
b is an integer equal to n. 



^'^iJ_J 38. A betulinol-antibody conjugate accojfWiIg to claim 36, wherein 
spacer is a diamine derivative of polyethylene glyp»Hiaving 2-(pyridyldithio)-propionyl 
and N-hydroxysuccinimide ester groupsberi^ed thereto. 



39. ^.^A^etulinol-antibody conjugate according to claim 36, wherein 
spacer is3,^rSnched form of polyethylene glycol propionic acid N-hydroxysuccinimide 



5r. 




A betulinol-antibody conjugate according to clairri^^J^ wherein the 
branched form of polyethylene glycol propionic acid N-hydroxysuccinimide ester is a 
monomethoxypoly(ethylene glycol)-propionic acid N-hydroxysuccinimide ester. 



// 



formula: 



41 . A method of producing a betulinol-antibody conjugate having the 



HO-antibody-spacer-(A^„ 



wherein 



A is a moiety havingythe formula: 




H2 -peptide -NHNH- 



Y is a hyydroxy group, an alkoxy group, or an alkanoyloxy 
group; and 

n is ah integer from 1 to 100, 



u7 




50 



said method\omprising: 

providing a crosslinker having a first reactive terminus and one or 
more second reac^ve termini; 

reacting an antibody with the first reactive terminus; and 
reacting a hydrazide having the formula: 




CH2 -pept ide -NHNH2 



with one or more of the one or rnpre second reactive termini under conditions effective to 
produce the betulinol-antibody colajugate. 



^2^"'''^ A method according to claim 4 1 , wherein the first reactive 
terminus is selected from the group consisting of a hydroxy group, an aldehyde group, 
and a carboxyl group. 




^4S. A method according to claim 41, wherein each of the one or more 
second reactive termini are independently selected from the group consisting of a hydroxy 
group, an aldehyde group, and a,Garboxyl group. 




method according to claim 41, wherein 
-spacer-(A)n has the formula: 



[C(0)NHCH2CH2CH2CH2-C-NHC(0)0- (CHgCHgO) g ] b- 



C=0 



wherein 



a is an integer from 1 to 1 00 and 
b is an integer equal to n. 



LIS 




^^^^ ^ ^ — ^ 45. A method according to claim 4>l<wherein spacer is a diamine 
derivative of polyethylene glycol having 2-(pyj?tdyldithio)-propionyl and N- 
hydroxysuccinimide ester groups bonded/tnereto. 



46. A methera according to claim 41 , wherein spacer is a branched 
form of polyethylene gly«Jol propionic acid N-hydroxysuccinimide ester. 



A method according to claim 46, wherein the branched form of 
polyethylene glycol propionic acid N-hydroxysuccinimide ester is a 
monomethoxypoly(ethylene glycol)-propionic acid N-hydroxysuccinimide ester. 

48. A method of treating cancer comprisirig: 

administering to a cancer patient an/effective amount of a 
compound selected from the group consisting of betuloplc aldehyde and compounds 
having the formulae: 



and 



HjNOCHjCO- ( 




Gl y-ant i body-OH; 



HO-antibody-spacer-(A^)„ 



wherein 
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29. A method according to claim 23, whergin said providing a 
haloacetylhydrazide comprises: 

providing a hydrazide having tiie formula: 



I2 - peptide -NHNH^ 



and 

converting the hydrazide with a p-nitrophenyl haloacetate vmder 
conditions effective t<j/produce the haloacetylhydrazide. 

30. A method according to claim 29, wherein said providing a 
hydrazide comprises: 

providing a betulinol peptide having the formula: 



-CH2 -peptide -OH 



and 

converting the betulinol peptide with hydrazine hydrate under 
conditions effective to produce the aydrazide. 



31. A method accc 
betulinol peptide comprises: 

providing a coi 



ding to claim 30, wherein said providing the 
ipound having the formula: 
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and 

converting the compound with a peptide having the formula 
H-peptide-OH under conditions effective to produce the betuhnol peptide. 

32. A betuHnol-antibody conjugate having the formula: 



H2NOCH2CO- (Gl y )3 



Gl y-ant i body-OH 




wherein 

A arfe independently selected from a -CHO group or a 
moiety having the formula: 



CH2 -pept ide -NHN=CH- 



jrovided that at least one of A is not -CHO; and 
Y is a/hydroxy group, an alkoxy group, or an alkanoyloxy group. 



33. 



AWethod of producing a betulinol-antibody conjugate having the 
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HjNOCHjCO- (Gl y)3 



Lys - 

1 

c=o 



Gl y-ant /body-OH 



wherein 

A are independently selected from a -CHO group or a 
moiety having the formula: 



CH2 - Elep t i de - NHN= CH - 




provided that at least one of A is not -CHO; and 

Y is a hydroxy g^up, an alkoxy group, or an alkanoyloxy 

group, 
said method comprising: 

providing a carrier mc^lecule having the formula: 



H2NOCH2CO- (Gl y/g- 



and 



formula: 



-Lys -J — Gl y-OH 

1 T 

c=o 

H-C=0 



converting tne carrier molecule with a hydrazide having the 



-CH2 - pept ide -NHNH2 



and an antibody h^ng the formula H-antibody-OH under conditions effective to produce 
the betuHnejJ'^tibody conjugate. 

A method according to claim 33, wherein said converting the 
carrier molecule \omprises: 

reacting the carrier molecule with the antibody under conditions 
effective to produceWi antibody-bound carrier molecule having the formula: 




HgNOi^HjCO- (Gl y )3- 



Lys 



Gl y-ant i body-OH 



and 



convertimg the antibody-bound carrier molecule with the hydrazide 
under conditions effective to produce the betulinol-antibody conjugate. 

35. A method according to claim 33, wherein said converting the 
carrier molecule comprises: 

reacting the carrier molecule with the hydrazide under conditions 
effective to produce a betulinol-bound carrier molecule having the formula: 



H2NOCH2CO- ((Bl y )3 



Lys 



C=0 



Gl y-OH 



wherein 



-52- 



/ 



a' is a moiety having the formula: 



CH2 -peptide -NHN=CH- 



is a moiety having/the formula: 




de-NHNH- 



selected from the group 
consisting of a hydroxwgrau^an alkoxy group, an/alkanoyloxy 
group, /and a - DjptJ^/e=NHNH-C(0)-antibody-Oj4 moiety; 

is selected from the group consistja^g of a hydroxy 
group, an alkoxy group, and an alkanoyloxy group; and 

HO-antibody-H is an antibody^argeted to a site to be 



treated in the patient 



49. A method according^tCclaim 48, wherein the compound is 
betulinol diacetate. 




50. A mepiod according to claim 48, wherein the compound is 
betulonic aldehyde. 



51. 

betulinol dimethyl 



A method according to claim 50, wherein the compound is 
dietheA-. 



